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1
OPTIMIZED INTERNALLY-FED
HIGH-SPEED ROTARY PRINTING DEVICE

FIELD OF THE INVENTION

The present disclosure relates to internally-fed high-speed
rotary devices. More particularly, the present disclosure
relates to rotary devices used for high-speed printing or coat-
ing of a web substrate with a fluid of fluids that are provided
from channels positioned within the rotary device.

BACKGROUND OF THE INVENTION

It is considered desirable to apply fluids and coatings to a
moving web substrate from a rotating device. The selective
transfer of such fluids and coatings for purposes such as
printing is also desirable. Further, the selective transfer of a
fluid to a surface by way of a permeable element is also
desirable.

For example, screen printing provides for the transfer of a
fluid to a surface through a permeable element. The design
transferred in screen printing is formed by selectively occlud-
ing openings in the screen that are located according to the
formation of the screen. The aspect ratio of the holes and fluid
viscosity may limit the fluid types, application rate, or fluid
dose that may be applied with screen printing.

Other fluid application efforts have utilized sintered metal
surfaces as transfer elements. A pattern of permeability has
been formed using the pores in the element. These pores may
be generally closed by plating the material and then selec-
tively reopened by machining a desired pattern upon the
material and subsequently chemically etching the machined
portions of the element to reveal the existing pores. In this
manner a pattern of permeability corresponding to the pores
initially formed in the material may be formed and used to
selectively transfer fluid. The nature of the pores in a sintered
material is generally so the tortuosity of the pores predisposes
the pores to clogging by fluid impurities. The placement of
the fluid is limited in the prior art to the pores or openings
present in the material that may be selectively closed or gen-
erally closed and selectively reopened.

Gravure printing is also provides a method for transferring
fluid to the surface of a moving web material. The use of fixed
volume cells engraved onto the surface of a print cylinder can
ensure high quality and consistency of fluid transfer over long
run times. However, a given cylinder is limited in the range of
flow rates possible per unit area of web surface.

Additional efforts directed toward a ‘gravure-like’ system
have focused on the use of a roll having discrete cells disposed
upon an outer surface. Each cell of the discrete cells receives
a fluid from a position internal to the roll. Generally, the fluid
is provided to the discrete cells by a channel disposed inter-
nally to the roll. These channels are usually provided parallel
to the axis of rotation of the roll and are disposed in a region
proximate to the axis of rotation of the roll. One reason for this
arrangement is that one of'skill in the art generally feeds fluids
into a rotating device at a position near the axis of rotation.
This provides the ability to incorporate such fluid feeds into
the shaft that supports the rotating device.

Additionally, itis understood that generally, high rotational
(line) speeds are considered by those of skill in the art as
highly desirable for increased production rates. However, it
was found that when current rotary systems, such as the
exemplary gravure printing system described supra, are filled
with a fluid and rotate at a high circumferential speed, the
centrifugal force was found to create a region(s) of low pres-
sure (i.e., “pull a vacuum™) in the fluid channels, or those
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portions of the fluid channels, that are disposed in regions

proximate to the axis of rotation of the rotating device. This

region of low pressure is thought to provide three undesirable
phenomena in operations where high rotational velocities are
required:

1. When the rotating device reaches a certain rotational speed,
the local pressure in any channel, or portion(s) thereof,
disposed within the rotating device that are proximate to
the axis of rotation is reduced below the vaporization pres-
sure of the fluid at the local temperature. The fluid is caused
to vaporize and form gas bubbles. This phenomenon can be
considered to be analogous to the cavitation observed in a
hydraulic pump operating at high rpm.

2. If the fluid is not deaerated properly, the size of any
entrained air bubbles in the fluid will increase as the pres-
sure drops.

3. According to Henry’s law, the amount of air dissolved in a
fluid is proportional to the local pressure. When a fluid
transported from a position external to the rotary device to
the center of the rotary device through a channel disposed
within the rotating device, the pressure exerted upon the
fluid changes from atmospheric to a near vacuum. Part of
this dissolved air can then be released in the form of
bubbles in the fluid.

According to the ideal gas law, the gas or air bubble volume
is inversely proportional to the local pressure. Therefore, the
size of bubbles within the fluid will increase as the rotational
speed increases. This is because the pressure in any fluid
channels, or portions thereof, located in the region near the
rotational axis decreases as the rotational speed increases.
These gas or air bubbles introduce difficulties in high rota-
tional speed operations, such as printing and coating. These
can include undesirable flowrates, partial blockages within
the internal roll piping, noise, vibration, and damage to the
piping network. The latter can be considered analogous to the
damage due to cavitation caused by an impeller.

Thus, one of skill in the art will recognize that such undes-
ired phenomena caused by these centrifugal forces, such as
those described supra, must be controlled to enhance the
speed and performance of equipment used in material pro-
cessing technologies. A design that controls and increases the
performance of high-speed rotary unions is needed in manu-
facturing. Clearly, a design that can correlate equipment
design, fluid dynamics, and high-speed manufacturing is
needed.

The rotary device of the present disclosure overcomes
these problems associated with the prior art by providing a
rotary device for use in a fluid delivery system that is capable
of transporting single or multiple fluids and controlling the
pressure drop due to high-speed rotation of internally-fed
rolls at the fluid inputs, and prevents the creation of a
region(s) of low pressure in an economical manner. The dis-
closed rotary device can be modified to accommodate difter-
ent numbers of flow channels and is designed to ensure effi-
cient rotation between incoming and outgoing conduit
arrangements.

SUMMARY OF THE INVENTION

The present disclosure provides a printing system for print-
ing a fluid onto the surface of a web substrate. The printing
system comprises a gravure roll rotatable about an axis at a
surface velocity, v, and a fluid channel having a pressure drop
throughout the fluid channel due to friction, P disposed
therein. The fluid channel is disposed generally parallel to the
axis at a distance, R, relative to the axis. The fluid channel

s

provides fluid communication of a fluid having a fluid vapor
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pressure, P, and a fluid density, p, from a first position exter-
nal to the gravure roll to a web substrate contacting surface of
the gravure roll. The web substrate contacting surface is
located at a distance, R, relative to the axis. R, is deter-
mined from the relationship:

Fu [ 2o =P Pp)
Rour pv2
where:

P, =static pressure of the fluid channel at the web sub-
strate contacting surface.

The present disclosure also provides a printing system for
printing a fluid onto the surface of a web substrate. The
printing system comprises a gravure roll rotatable about an
axis at a surface velocity, v, and a fluid channel having a
pressure drop throughout the fluid channel due to friction, P
disposed therein. A portion of the fluid channel is disposed at
adistance, R,,, relative to the axis. The fluid channel provides
fluid communication of a fluid having a fluid vapor pressure,
P,, and a fluid density, p, from a first position external to the
gravure roll to a web substrate contacting surface of the
gravure roll. The web substrate contacting surface is located
at a distance, R, relative to the axis. R, is determined from

our’

the relationship:
Rin L 2(Pou — Py + Py)
Rour h 2
where:

P, =static pressure of the fluid channel at the web sub-
strate contacting surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary rotating device having an exem-
plary pipe contained within used to demonstrate the forces in
apipe containing a fluid and used to derive Equation 15 infra;

FIG. 1A is an exemplary pipe used to demonstrate the
forces present in a pipe containing a fluid and disposed within
the exemplary rotating device of FIG. 1 and used to derive
Equation 15 infra;

FIG. 2 is an exemplary pipe design through a rotating
device showing an exemplary R,,, and R ,,,; and,

FIG. 3 provides alternative exemplary pipe designs
through a rotating device in contact with a web substrate and
showing another exemplary R, and R,,.

DETAILED DESCRIPTION

According to the present description, it is believed that
controlling the vaporization (e.g., the formation of gas or air
bubbles) in liquids disposed in elongate pipes that can be
rotated about an axis essentially perpendicular to the elongate
pipe can be achieved by advancing the mathematical founda-
tion of the pressures in such systems. In order to understand
and evaluate the fluid vaporization process and use the results
to describe the unique rotary device described herein, a
review of the forces involved in the movement of fluidic
media through a pipe (or fluid channel) both generally per-
pendicular to, and rotating about, an axis of rotation is nec-
essary. Using these results to design a rotary device suitable
for use in high rotational velocity applications can result in
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the prevention or reduction of fluid vaporization by careful
selection of the position at which a fluid traverses through,
and exits, a rotary device relative to the axis of rotation of the
rotary device (such as an internally-fed gravure roll). This
involves the deliberate design of the fluid distribution net-
works that provide the fluid communication of a fluid from a
position external to the rotating device, internally through the
rotating device, and subsequently depositing the fluid upon
the surface of the rotating device from a position located
within the rotary device.

FIG. 1 depicts an exemplary rotating device 16 having a
fluid channel (or pipe) 38 capable of containing and trans-
porting a fluid disposed therein. The fluid channel 38 has an
inlet 46 disposed at a distance, R, relative to the axis of
rotation 24 and an outlet disposed at a distance, R, ,, relative
to the axis of rotation 24. FIG. 1A shows a system force
balance analysis over an infinitesimal region of the fluid chan-
nel 38 of FIG. 1 disposed generally perpendicularto an axis of
rotation 24. The fluid channel 38, filled with a fluid, generally
rotates about the axis of rotation 24. In other words, the fluid
channel 38 orbits about the axis of rotation 24. The force
balances can be expressed as:

F\+F =F+F, Equation 1

where:
F, and F,=Forces at sides of the infinitesimal fluid region
due to the static pressure,

F =centrifugal force, and
F ~resistance force due to the friction.
The centrifugal force can be rewritten as:

F =m*a Equation 2

where:
m=mass of the fluid in the specific region, and
a=acceleration due to the rotation.

The acceleration due to the rotation, a, can be calculated
from

a=w’R Equation 3

where:

w=angular velocity, and

R=distance from the axis of rotation to the center of the
infinitesimal fluid region.

Thus, Equation 1 can be rewritten as:

P’ +pnr” AR(0°R)=Pymir+F Equation 4

where:

P, and P,=static pressure at sides of the infinitesimal fluid
region,

p=tluid density, and

r=radius of the pipe.

For simplicity, we can assume a cylindrical pipe to derive
Equation 4. However, one of skill in the art will recognize that
the following equations and results are independent of the
cross-sectional shape of the pipe. Thus, dividing both sides of
the equation by the cross sectional area rur?, Equation 4 can be
rewritten as:

PAR(0’R)=P,-P AP, Equation 5

where:

.APf?pressure drop in the infinitesimal region due to the
friction.
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After integrating the left-hand side and right-hand side
from the pipe inlet position to outlet position, we have:

Iz, pw’RAR=P,,,~P,+P; Equation 6
where:
R,, and R, ~the radius relative to the axis of rotation at

pipe inlet and outlet respectively,

P,, and P_,,=the static pressure at pipe inlet and outlet
respectively, and

P ~the pressure drop throughout the pipe due to friction.

P,can be found by one of skill in the art in suitable engi-
neering handbooks. Alternatively, one of skill in the art can
calculate P, from the Hagen-Poiseuille equation if the flow
through a long, constant cross section cylindrical pipe is
laminar. For reference, the Hagen-Poiseuille equation is:

_ 8ulQ
Tt

Equation 7
Py

where:

p=fluid viscosity,

I=pipe length,

r=internal radius of the pipe and
Q=volumetric flow rate.

From Equation 6, we now have:

Yo (R Ri VP orii~Pi Py Equation 8

The roll surface velocity, v, can be calculated from

V=R Equation 9

out

By substituting surface velocity, v, (Equation 9) into Equa-
tion 8, one obtains:

Rin Equation 10

r, 2
3PV (1_(Rom) ]:Pout_Pin+Pf

After rearrangement, one has:

2(Pous = Pin + Py) Equation 11

pv?

To use a pipe to deliver a fluid, P,,, must be higher than fluid
vapor pressure, P, at the applied temperature. Otherwise, the
liquid at the inlet will undergo vaporization. Therefore it is
reasonable to presume that P,>P,.

Therefore Equation 11 can be rewritten as:

(ﬁ)z 1o 2(Pous = Py + Py) Equation 12

Rour pv?

One of skill in the art will appreciate that two options exist
relative to Equation 12; namely—

| UPou=PutPp)

2(Pow — Py + Py) 0
7 _—— 50

0 and 1 7
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6

In the case of the latter relationship (e.g.,

2(Pous = Py + Py)
-——

1
pv?

0

(i.e., 1s a positive, greater than zero value)) vaporization of the
fluid is possible. The net effect is that R, must be a non-zero
value (i.e., R;, is displaced radially away from the axis of
rotation). In other words:

2Poys — Py + P Equation 13
i LY 4

pv?

Using an exemplary fluid suitable for use with the present
invention (e.g., H,O @ 25° C.), it can be presumed that
frictional losses through the pipe, P; are negligibly small (i.e.,
near zero). Using H,O @ 25° C. for an example, one can
define a theoretical critical rotational velocity, v, for an
exemplary rotary system where the exemplary fluid is pro-
vided in a channel positioned internal to a rotary device (e.g.,
the rotary gravure system described supra) and the rotary
device deposits the water onto a substrate contacting the
rotary device from the internal channel at atmospheric pres-
sure:

NPo — Py + Pp) ) Equation 14
Ve = — =14 m/s = 2755 ftmin

where known tabulated values are:

P,,~=101325 Pa (atmospheric pressure @ STP),

P,=3200 Pa (e.g., H,O vapor pressure at 25° C.), and

p=1000 kg/m> (for H,O @ 25° C.).

Thus, in order to prevent the deleterious effects discussed
supra, v<2755 ft/min for H,O @ 25° C. This rotational veloc-
ity limitation can prevent the use of rotational speeds greater
than 2755 ft/min for H,O @ 25° C. for a manufacturing
operation due to vaporization of the fluid within the pipe.

When the surface velocity has the relationship v>v_, we see
that a pipe design within a rotating object must satisfy the
following equation:

Rin Equation 15

Rows

L 2Pous = Py + Py)
- 7

for H,O @ 25° C. to prevent liquid from vaporizing at the pipe
inlet.
Additionally, it is preferred that:

Equation 16

for H,O @ 25° C.

In addition, it is useful to note the following additional
relationships:

Henry’s Law states the gas dissolved in liquid is propor-
tional to the partial pressure of the gas:

p=kgc Equation 17
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where:
p is the partial pressure of the gas in equilibrium with the
liquid;

k;; is Henry’s constant;

cis the dissolved gas concentration (e.g. oxygen and nitro-
gen).

The equation for the ideal equation of state:

PV=nRT Equation 18

where:

P is the pressure of the gas;

V is the volume of the gas;

n is the amount of substance amount of substance of gas
(also known as number of moles);

T is the temperature of the gas; and,

R is the ideal, or universal, gas constant.

As shown, FIG. 2 provides a representative drawing show-
ing the relationships between R,,, R, ,, and the axis of rota-
tion 24 in an exemplary rotating device 16 having a single
fluid channel 38 that is generally parallel to and rotates about
an axis of rotation 24. A representative drawing showing the
above relationship between R,, and R_,, of an exemplary
rotary device 16a having two fluid channels 38a, 385 rotating
about an axis of rotation 24a is shown FIG. 3. As shown in
FIG. 3, itis not necessary that the entirety, or even any defined
portion, of exemplary fluid channel 384 be continuously par-
allel (i.e., collinear) to the axis of rotation 24a.

Referring to FIGS. 2 and 3, using the mathematical deri-
vation discussed above, for purposes of the present disclo-
sure, the value of R,, can be determined as the distance
between the axis of rotation 24, 24a and the point at which any
portion of a particular fluid channel 38, 384, 385 disposed
within rotating device 16, 16a and having an opening dis-
posed upon the surface of rotating device 16, 16a comes
closest to the axis of rotation 24, 24a. It should be recognized
that each fluid channel 38, 384, 385 that may be present
within a given rotating device 16, 16a can have its own
associated R;, (i.e., R,,, R;,,, etc.) as well as pressure drop
throughout the respective fluid channel 38, 38a, 385 (i.e., P,
P, etc.). As shown in FIG. 3, it should be recognized that
there can be deviations in the distance that portions of exem-
plary fluid channel 386 (defined microscopically) may be
disposed from the axis of rotation 24a, the general direction
of flow of fluidic material macroscopically through the rotat-
ing device 16a may be considered to be generally parallel to
the axis of rotation 24a. Stated another way, fluid channel 38,
38a, 386 or any particular portion thereof is not required to be
parallel with axis of rotation 24, 24a.

Referring to FIGS. 2 and 3, using the mathematical deri-
vation discussed above, for purposes of the present disclo-
sure, the value of R_,, can be determined as the distance
between the axis of rotation 24, 24a and the point at which a
particular fluid channel 38, 384, 385 disposed within rotating
device 16, 164 terminates upon the web-contacting surface 48
of rotating device 16, 16a relative to the axis of rotation 24,
24a. Each fluid channel 38, 384, 386 that may be present
within a given rotating device 16, 16a can have at least one
portion thereof that will be in fluid communication with the
surface 48 of the rotating device 16, 16a and be disposed at a
radial distance of R_,, from the axis of rotation 24, 24a. It
should be recognized that each fluid channel 38, 384, 385 that
may be present within a given rotating device 16, 16a can
have its own associated R_,, (i.e., R, R,,,, etc.) and a
respective static pressure at the web substrate 50 contacting
surface 48 (i.e., P,,,, P, ., etc.).

Rotating device 16 can be used to provide an exemplary
contact printing system. Such contact printing systems are
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generally formed from printing components that displace a
fluid onto a web substrate 50 or article (also known to those of
skill in the art as a ‘central roll’) and other ancillary compo-
nents necessary assist the displacement of the fluid from the
central roll onto the substrate in order to, for example, print an
image onto the substrate. In providing an exemplary printing
component commensurate in scope with the apparatus of the
present disclosure, rotating device 16 can be provided as a
gravure cylinder. The envisioned gravure cylinder can be used
to carry a desired pattern and quantity of ink and transfer a
portion of the ink to a web material 50 that has been placed in
contact with the surface 48 of the gravure cylinder which in
turn transfers the ink to the web material 50.

In any regard, the rotating device 16 of the present disclo-
sure can be ultimately used to apply a broad range of fluids to
aweb substrate at a target rate and in a desired pattern. By way
of non-limiting example, a contact printing system commen-
surate in scope with the present disclosure can apply more
than just a single fluid (e.g., can apply a plurality of individual
inks each having a different color or a plurality of individual
inks mixed and/or combined internally to rotating device 16,
164) to form an ink having an intermediate color) to a web
substrate when compared to a conventional gravure printing
system as described supra (e.g., can only apply a single ink).
Each fluid can have a respective fluid density (i.e., p, p,, etc.)
and respective vapor pressure (i.e., P,, P,,, etc.).

The rotating device 16 described herein can be applied in
concert with other components suitable for additional pro-
cesses related to printing processes or other converting opera-
tions known to those of skill in the art. Further, numerous
design features can be integrated to provide a configuration
that prints multiple fluids (such as inks) upon a web substrate
50 by the same rotating device 16. A surprising and clear
benefit that would be understood by one of skill in the art is the
elimination of the fundamental constraint of flexographic or
gravure print systems where a separate print deck is required
for each and every color. The apparatus described herein is
uniquely capable of providing all of the intended graphic
benefits of a gravure printing system without all of the draw-
backs discussed supra.

The rotating device 16 of the present disclosure can also be
provided with a multi-port rotary union. The use of a multi-
port rotary union can provide the capability of delivering
more than one fluid to a respective fluid channel 38 or fluid
channels 38 disposed within rotating device 16. It would be
recognized by one of skill in the art that a preferred multi-port
rotary union should be capable of feeding the desired number
offluids (e.g., colors) to each fluid channel 38 associated with
rotating device 16. One of skill in the art will understand that
a conventional multi-port rotary union suitable for use with
the present invention can typically be provided with up to
forty-four passages and are suitable for use up to 7,500 1bs.
per square inch of ink pressure.

It should be noted that individual fluid channels 38 may be
combined with another fluid channel 38 or fluid channels 38
at any point along their respective lengths. In effect, this is a
combining of the fluid streams associated with each indi-
vidual fluid channels 38 that can provide for the mixing of
individual fluids to produce a third fluid that has the charac-
teristics desired for the end use. For example a red ink and a
blue ink can be combined in situ within the fluid channels 38
disposed within rotating device 16 to produce violet.

In one embodiment the fluid channels 38 may be formed by
the use of electron beam drilling as is known in the art.
Electron beam drilling comprises a process whereby high
energy electrons impinge upon a surface resulting in the
formation of holes through the material. In another embodi-
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ment the fluid channels 38 may be formed using a laser. In
another embodiment the fluid channels 38 may be formed by
using a conventional mechanical drill bit. In yet another
embodiment the fluid channels 38 may be formed using elec-
trical discharge machining as is known in the art. In yet
another embodiment the fluid channels 38 may be formed by
chemical etching. In still yet another embodiment the fluid
channels 38 can be formed as part of the construction of a
rapid prototyping process such as stereo lithography/SLA,
laser sintering, or fused deposition modeling.

In one embodiment the fluid channels 38 may have por-
tions that are substantially straight and normal to the outer
surface of the rotating device 16. In another embodiment the
fluid channels 38 can be provided at an angle other than 90
degrees from the outer surface of the rotating device 16. In
each of these embodiments each of the fluid channels 38 has
a single exit point at the surface 48 of rotating device 16.

One of skill in the art will understand that state-of-the-art
rotary devices 16 may include laser engraved ceramic rolls
and laser engraved carbon fiber within ceramic coatings. In
either case, the cell geometry (e.g., shape and size of the
opening at the outer surface, wall angle, depth, etc.) are pref-
erably selected to provide the desired target flow rate, reso-
Iution, and ink retention in a rotating device 16 rotating at
high speed.

As mentioned previously, currently available rotary con-
tact systems utilize ink pans or enclosed fountains to fill the
individual cells disposed within the surface of the rotary
contact system with an ink or other fluid from a position
disposed away from the surface of the rotary contact system.
The aforementioned doctor blades wipe off excess ink such
that the ink delivery rate is primarily a function of cell geom-
etry. While this may provide a relatively uniform ink appli-
cation rate, it also provides no adjustment capability to
account for changes in ink chemistry, viscosity, substrate
material variations, operating speeds, and the like. Thus, it
was surprisingly found by the inventors of the instant disclo-
sure that the disclosed technology may reapply certain capa-
bilities of anilox and gravure cell technology in a modified
permeable roll configuration. In any regard, as shown in
FIGS. 2 and 3, a particular fluid can be fed to the surface 48 of
rotating device 16 from a fluid channel 38 underlying the
surface 48 of rotating device where the fluid channel is pro-
vided in accordance with Equation 15, supra.

In one embodiment the fluid channel 38 is provided by
electron beam drilling and may have an aspect ratio of at least
about 25:1. For example, a fluid channel 38 having an aspect
ratio of 25:1 has a length 25 times the diameter of the fluid
channel 38. In this embodiment the fluid channel 38 may have
a diameter of between about 0.001 inches (0.025 mm) and
about 0.030 inches (0.75 mm) The fluid channel 38 may
contact the surface 48 at an angle of between about 20 and
about 90 degrees relative to the surface 48 of rotating device
16. The fluid channel 38 may be accurately positioned upon
the surface of the rotating device 16 to within 0.0005 inches
(0.013 mm) of the desired non-random pattern of permeabil-
ity.

In one embodiment the fluid channel 38 has an aspect ratio
ranging from about 25:1 to at least about 60:1. In this embodi-
ment holes 0.005 inches (0.13 mm) in diameter may be elec-
tron beam drilled in a metal shell about 0.125 inches (3 mm)
in thickness. Metal plating may subsequently be applied to
the surface of the shell. The plating may reduce the nominal
fluid channel 38 diameter from about 0.005 inches (0.13 mm)
to about 0.002 inches (0.05 mm).

The accuracy with which the opening of fluid channel 38
disposed upon the surface 48 of rotating device 16 enables the
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permeable nature of the rotating device 16 to be decoupled
from the inherent porosity of the rotating device 16. The
permeability of the rotating device 16 may be selected to
provide a particular benefit via a particular fluid application
pattern to web substrate 50. Locations for the fluid channel 38
may be determined to provide a particular array of permeabil-
ity in the rotating device 16. This array may permit the selec-
tive transtfer of fluid droplets formed at fluid channel 38 to a
fluid receiving surface of a moving web substrate 50 brought
into contact with the fluid droplets.

It was surprisingly found that a rotating device 16 can be
manufactured in the form of a unibody construction that
incorporates the desired geometry for the rotating device 16
and/or the desired geometry for the surface 48 of rotating
device 16 and/or the desired geometry of each fluid channel
38 disposed therein. Such unibody constructions typically
enable building parts one layer at a time through the use of
typical techniques such as SLA/stereo lithography, SLM/
Selective Laser Melting, RFP/Rapid freeze prototyping, SLS/
Selective Laser sintering, SLLA/Stereo lithography, EFAB/
Electrochemical fabrication, DMDS/Direct Metal Laser
Sintering, LENS®/Laser Engineered Net Shaping, DPS/Di-
rect Photo Shaping, DLP/Digital light processing, EBM/
Electron beam machining, FDM/Fused deposition manufac-
turing, MJM/Multiphase jet modeling, L.OM/Laminated
Object manufacturing, DMD/Direct metal deposition, SGC/
Solid ground curing, JFP/Jetted photo polymer, EBF/Elec-
tron Beam Fabrication, LMJP/liquid metal jet printing,
MSDM/Mold shape deposition manufacturing, SALD/Selec-
tive area laser deposition, SDM/Shape deposition manufac-
turing, combinations thereof, and the like.

It should be recognized by one familiar in the art that such
a unibody rotating device 16 can be constructed using these
technologies by combining them with other techniques
known to those of skill in the art such as casting. As a non-
limiting example, using an “inverse roll” the desired fluid
passageways desired for a particular rotating device 16 could
be fabricated and then the desired rotating device 16 materials
could be cast around the passageway fabrication. In this man-
ner a passageway fabrication providing the desired geometry
for the fluid channels 38 can be can be created to provide the
hollow fluid channels 38 for rotating device 16. A non-limit-
ing variation of this process could include the steps of pro-
viding the passageway fabrication with a soluble material that
could then be dissolved once the final casting has hardened to
create the rotating device 16 having the desired fluid channels
38 disposed therein.

In still yet another non-limiting example, sections of the
rotating device 16 could be fabricated separately and com-
bined into a final rotating device 16 assembly. This can facili-
tate assembly and repair work to the parts of the rotating
device 16 such as coating, machining, heating and the like,
etc. before they are assembled together to make a complete
contact printing system such as rotating device 16. In such
techniques, two or more of the components of a complete
rotating device 16 commensurate in scope with the instant
disclosure can be combined into a single integrated part.

Alternatively, and by way of another non-limiting
example, the rotating device 16 could similarly be con-
structed as a unibody structure where fluid communication is
manufactured in situ to provide a structure that is integrated
and includes any fluid channels 38 necessary for the desired
fluid application to a web substrate 50. One or more fluid
channels 38 can then be provided to fluidly communicate a
fluid from one position upon the surface 48 of rotary device 16
to another position disposed upon the surface 48 of rotating
device 16 for contacting a web substrate 50.
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Asused herein, “web substrate” includes products suitable
for the manufacture of articles upon which indicia may be
imprinted thereon and substantially affixed thereto. Web
materials suitable for use and within the intended disclosure
include fibrous structures, absorbent paper products, and/or
products containing fibers. Other materials are also intended
to be within the scope of the present invention as long as they
do not interfere or counter act any advantage presented by the
instant invention. Suitable web materials may include foils,
polymer sheets, cloth, wovens or nonwovens, paper, cellulose
fiber sheets, co-extrusions, laminates, high internal phase
emulsion foam materials, and combinations thereof. The
properties of a selected deformable material can include,
though are not restricted to, combinations or degrees of being:
porous, non-porous, microporous, gas or liquid permeable,
non-permeable, hydrophilic, hydrophobic, hydroscopic,
oleophilic, oleophobic, high critical surface tension, low criti-
cal surface tension, surface pre-textured, elastically yield-
able, plastically yieldable, electrically conductive, and elec-
trically non-conductive. Such materials can be homogeneous
or composition combinations.

The dimensions and values disclosed herein are not to be
understood as being strictly limited to the exact numerical
values recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a
functionally equivalent range surrounding that value. For
example, a dimension disclosed as “40 mm” is intended to
mean “about 40 mm.”

All documents cited in the Detailed Description of the
Invention are, in relevant part, incorporated herein by refer-
ence; the citation of any document is not to be construed as an
admission that it is prior art with respect to the present inven-
tion. To the extent that any meaning or definition of a term in
this document conflicts with any meaning or definition of the
same term in a document incorporated by reference, the
meaning or definition assigned to that term in this document
shall govern.

While particular embodiments of the present invention
have been illustrated and described, it would be obvious to
those skilled in the art that various other changes and modi-
fications may be made without departing from the spirit and
scope of the invention. It is therefore intended to cover in the
appended claims all such changes and modifications that are
within the scope of this invention.

What is claimed is:

1. A printing system for printing a fluid onto the surface of
a web substrate, said printing system comprising a gravure
roll rotatable about an axis at a surface velocity, v, and a first
fluid having a first fluid vapor pressure, P, and a first fluid
density, p, the gravure roll comprising a fluid channel having
a pressure drop throughout said fluid channel due to friction,
P, disposed therein, said fluid channel being disposed genet-
ally parallel to said axis at a distance, R, relative to said axis,
said fluid channel providing fluid communication of said first
fluid from a first position external to said gravure roll to a web
substrate contacting surface of said gravure roll, said web
substrate contacting surface being located at a distance, R ,,,,
relative to said axis, and wherein said R,,, is determined from
the relationship:

Ry
>

| 2Pou =Pt Pp)
Rou
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where:
P, static pressure of said fluid channel at said web sub-

strate contacting surface.
2. The printing system of claim 1 wherein

3. The printing system of claim 1 wherein said first fluid is
disposed upon said web substrate from said web contacting
surface.

4. The printing system of claim 1 wherein said gravure roll
comprises a second fluid channel disposed therein, said sec-
ond fluid channel having a second pressure drop throughout
said fluid channel due to friction, P, and disposed generally
parallel to said axis at a second distance, R,, ,, relative to said
axis, said second fluid channel providing fluid communica-
tion of a second fluid having a second fluid vapor pressure,
P,,, and a second fluid density, p,, from a second position
external to said gravure roll to a second position upon said
web substrate contacting surface of said gravure roll, said
second position upon said web substrate contacting surface
being located at a second distance, R ,,,,, relative to said axis,
and wherein said second distance, R, ,, is determined from

in2s

the relationship:
Rim2 I 2(Pour = Pz + Py2)
Rou2 P22
where:

P, »=static pressure of said second fluid channel at said
second position upon said web substrate contacting sur-
face.

5. The printing system of claim 4 wherein

Rinn

Rour2

6. The printing system of claim 1 further comprising a
rotary union, said rotary union providing fluid communica-
tion of said first fluid to said fluid channel from a second
position external to said gravure roll.

7. The printing system of claim 1 wherein said fluid chan-
nel has an aspect ratio of at least about 25:1.

8. The printing system of claim 1 wherein said printing
system is provided as a unibody construction.

9. The printing system of claim 8 wherein said printing
system is manufactured by a technique selected from the
group consisting of SL.A/stereo lithography, SLM/Selective
Laser Melting, RFP/Rapid freeze prototyping, SLS/Selective
Laser sintering, SLA/Stereo lithography, EFAB/Electro-
chemical fabrication, DMDS/Direct Metal Laser Sintering,
LENS®/Laser Engineered Net Shaping, DPS/Direct Photo
Shaping, DLP/Digital light processing, EBM/Electron beam
machining, FDM/Fused deposition manufacturing, MIM/
Multiphase jet modeling, LOM/Laminated Object manufac-
turing, DMD/Direct metal deposition, SGC/Solid ground
curing, JEP/Jetted photo polymer, EBF/Electron Beam Fab-
rication, LMJP/liquid metal jet printing, MSDM/Mold shape
deposition manufacturing, SALD/Selective area laser depo-
sition, SDM/Shape deposition manufacturing, combinations
thereof, and the like.
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10. The printing system of claim 8, wherein said printing
system is manufactured in situ.

11. The printing system of claim 1 wherein said printing
system is manufactured as a plurality of sections, each of said
plurality of sections being cooperatively combined to form
said printing system.

12. A printing system for printing a fluid onto the surface of
a web substrate, said printing system comprising a gravure
roll rotatable about an axis at a surface velocity, v, and a first
fluid having a first fluid vapor pressure, P, and a first fluid
density, p, the gravure roll comprising a fluid channel having
a pressure drop throughout said fluid channel due to friction,
P, disposed therein, a portion of said fluid channel being
disposed at a distance, R,,, relative to said axis, said fluid
channel providing fluid communication of said first fluid
from a first position external to said gravure roll to a web
substrate contacting surface of said gravure roll, said web
substrate contacting surface being located at a distance, R _,,,,
relative to said axis, and wherein said R,,, is determined from
the relationship:

Fu [ 2o =P Pp)
Rour pv2
where:

P, =static pressure of said fluid channel at said web sub-
strate contacting surface.

13. The printing system of claim 12 wherein

Rina

<1.
RourZ

14. The printing system of claim 12 wherein said first fluid
is disposed upon said web substrate from said web contacting
surface.

15. The printing system of claim 12 wherein said gravure
roll comprises a second fluid channel disposed therein, said
second fluid channel having a second pressure drop through-
out said fluid channel due to friction, P,,, and disposed gen-
erally parallel to said axis at a second distance, R,,,, relative
to said axis, said second fluid channel providing fluid com-
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munication of a second fluid having a second fluid vapor
pressure, P ,, and a second fluid density, p,, from a second
position external to said gravure roll to a second position upon
said web substrate contacting surface of said gravure roll, said
second position upon said web substrate contacting surface
being located at a second distance, R_,,,,, relative to said axis,
and wherein said second distance, R,,,, is determined from
the relationship:

Rim - 2Powz = Pya + Pp2)
Rou2 P22
where:

P, »=static pressure of said second fluid channel at said
second position upon said web substrate contacting sur-
face.

16. The printing system of claim 15 further comprising a
rotary union, said rotary union providing fluid communica-
tion of said first fluid to said fluid channel from a second
position external to said gravure roll.

17. The printing system of claim 12 wherein said fluid
channel has an aspect ratio of at least about 25:1.

18. The printing system of claim 12 wherein said printing
system is provided as a unibody construction.

19. The printing system of claim 18 wherein said printing
system is manufactured by a technique selected from the
group consisting of SL.A/stereo lithography, SLM/Selective
Laser Melting, RFP/Rapid freeze prototyping, SLS/Selective
Laser sintering, SLA/Stereo lithography, EFAB/Electro-
chemical fabrication, DMDS/Direct Metal Laser Sintering,
LENS®/Laser Engineered Net Shaping, DPS/Direct Photo
Shaping, DLP/Digital light processing, EBM/Electron beam
machining, FDM/Fused deposition manufacturing, MIM/
Multiphase jet modeling, LOM/Laminated Object manufac-
turing, DMD/Direct metal deposition, SGC/Solid ground
curing, JEP/Jetted photo polymer, EBF/Electron Beam Fab-
rication, LMJP/liquid metal jet printing, MSDM/Mold shape
deposition manufacturing, SALD/Selective area laser depo-
sition, SDM/Shape deposition manufacturing, combinations
thereof, and the like.

20. The printing system of claim 18, wherein said printing
system is manufactured in situ.
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